Background and Objective: Since first being published in 2009, the Atlanta Heart Failure Knowledge Test (AHFKT) has proven a reliable and valid instrument and has been used in multiple studies. Given advances in heart failure (HF) self-care, we proposed to reevaluate the psychometric properties of the AHFKTv2 across these recent studies and update the instrument. Methods: Demographic, clinical, and baseline AHFKTv2 data from 4 intervention studies in persons with HF were combined for this analysis (N = 284). The 30 questions of the AHFKT are focused on 5 HF self-care knowledge domains: pathophysiology, nutrition, behavior, medications, and symptoms. Characteristics of the sample were analyzed using descriptive statistics; validity testing with t tests and Mann-Whitney 2-group tests and Pearson r and Spearman > correlations; and reliability calculations and factor analysis were performed based on tetrachoric correlations. Results: Participants were 22 to 84 years of age, 66% were African American, 63% were male, and 94% had New York Heart Association class II to III HF. Mean AHFKT score was 80.6% (T11%). Hypotheses that higher levels of knowledge would be associated with higher education level (t = j2.7, P G .01) and less sodium consumption (> = j0.22, P = .03) were validated. Factor analysis revealed 1 general knowledge factor with good reliability, Cronbach"s ! was .87. Item response analysis identified individual questions requiring review and revision. Conclusion: Comprehensive psychometric evaluation of the AHFKTv2 confirmed its internal consistency reliability and validity and provided direction for production of the AHFKTv3 available for use in research and clinical practice.
dietary intake of sodium and fluid, regular physical activity, polypharmacy, and daily monitoring for symptoms and then adherence with prescribed actions. 3, 4 Although patient knowledge cannot guarantee adherence with necessary self-care activities, behaviors most certainly cannot be changed without it. Thus, having the ability to assess this knowledge with a wellvalidated and reliable instrument to provide additional instruction in identified areas of weakness is an important tool in the armament of the clinician or researcher assessing HF self-care knowledge.
Background and Significance
The Atlanta Heart Failure Knowledge Test (AHFKT) was originally developed to knowledge about HF, treatment, and self-care. Published in 2009 and available for use by any clinician, 5 version 2 included 30 questions measuring the domains of patient education related to the HF disease process, diet and nutrition (including sodium and fluid restriction), medications, symptoms, and behaviors (such as daily weighing and physical activity). When published in 2009, the manuscript included the psychometrics of version 1 explored in both patients and family members, noted revisions from version 1 to 2, and acknowledgment of the need for a full factor analysis with a larger sample. 5 In the intervening 6 years, we have been able to pool data from 4 additional studies, thereby allowing for a more comprehensive psychometric evaluation.
As new evidence for HF care evolved, we recognized the need to review and revise the instrument with current standards and evaluate the strengths and weaknesses of individual questions. Since being originally published 6 years ago, the AHFKT has been used in multiple studies 6Y11 and requests to use and translate this instrument in 15 languages for use in both clinic and research settings (C.M. Reilly, personal communication). A recent systematic review of knowledge measures suggested that the AHFKT may be the most appropriate measure for assessing HF knowledge but was criticized for failure to describe the theoretical background and judged to have some methodological limitations. 12 Thus, the purpose of this article is to address these identified issues, present data from a pooled cohort of 4 studies allowing us to reexamine the psychometric properties of the AHFKTv2 in 284 patients, and provide a revised AHFKTv3.
Theoretical Constructs
The conceptual framework published in 2008 13 and guiding the development of AHFKT was synthesized from the literature on self-management in chronic disease and HF and self-determination theory. 14, 15 Persons with HF are required to perform significant self-care, including making lifestyle changes and managing their symptoms and treatment. Self-management involves a process of cognitive decision making, goal setting, developing personal action plans, and overcoming barriers in performing health behaviors. 16, 17 Effective self-management behaviors are also influenced by antecedents of sociodemographic factors, clinical and illness factors, and behavioral and psychological factors, including experience with self-management and decision making. 18 Prerequisite knowledge and skills, attention and rational involvement, and motivation to participate are required. 19, 20 The AHFKT was developed to assess the knowledge that is prerequisite to adequate and comprehensive self-care and can be differentiated from other instruments that are focused more on patient beliefs, self-efficacy, or adherence.
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Clinical Advances
Perhaps the single largest change related to HF selfcare education since the instrument was first published is the recommended dietary sodium intake for persons with HF. Since 2005, the recommendations for limiting dietary sodium have become more stringent, with the general population advised to consume no more than 2.3 g of sodium per day 24, 25 and persons at high risk for CVD or hypertension to limit sodium to 1500 mg per day. 26 This led many clinicians to suggest a greater reduction for persons with HF, falling back on the basic principles of sodium-induced fluid retention. Although the concept of less sodium leading to less fluid congestion appeared straightforward, recent studies suggest that sodium restriction triggers sympathetic nervous system and renin-angiotensin system activation, exacerbating rather than relieving congestion, 27 concluding that very low sodium dietary intake in persons with HF may be harmful. 28 Thus, sodium restriction in persons with HF is currently a Class C level recommendation. 29 To date, no large-scale study of outcomes in outpatients randomized to various levels of sodium restriction has been completed. Thus, until further research can guide practice, the AHFKT has been revised based upon the current American Heart Association, 29 Heart Failure Society of America (HFSA), 30 and American Association of Heart Failure Nurses (AAHFN) 31 guidelines that recommend a total daily consumption of sodium less than 3000 mg in persons with HF. We similarly used this 3000 mg sodium level as the cut point for determining adherence with self-care guidelines in this analysis.
Methods
Sample
Data from 4 self-care intervention studies in persons with HF were combined for this analysis (N = 284). Inclusion criteria for each study are listed in Table 1 .
All patients were recruited from a current (studies 1, 2 and 3) 8, 32, 33 or recent (study 4) 34 HF hospitalization with discharge to the home setting. All patients received optimal HF medication regimen (unless contraindicated) of "-blocking agents, angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, and diuretics if indicated by fluid status. Most patients had significant comorbidities in addition to HF, and 2 of the studies (studies 2 and 3) specifically targeted participants with both HF and type II diabetes mellitus. All data were deidentified before to assimilation and analysis. Institutional review board approvals for the parent studies allowed for secondary data analysis of deidentified data.
Variables and Measures
Patient demographic and clinical data were obtained from patient history and the medical record. All participants completed the AHFKT at baseline. Individual responses were recorded and coded as correct or incorrect. The total number of correct answers was calculated and presented as sum score (out of 30 possible correct) or percentage correct (up to 100%).
Highest education level attained and dietary sodium ingestion were used for construct validity. Dietary sodium ingestion was calculated by 24-hour food recall (study 3) or 24-hour urine collection (studies 1 and 4). Dietary sodium ingestion was not available at baseline for study 2, and this study was excluded from construct validity assessment with dietary sodium ingestion. For construct validity, we hypothesized that HF knowledge would be positively associated with education level and negatively associated with dietary sodium ingestion.
The self-care confidence scale of the Self-care in Heart Failure Index Version 6.2 35 was used to assess self-efficacy in HF in 2 of the studies (2 and 3) and is composed of 6 items reflecting confidence in recognizing symptoms and taking HF self-care actions. The total score can range from 0 to 100, with higher scores indicating more confidence in managing HF and scores of 70 or higher indicating adequate self-care. 35 Internal reliability consistency is acceptable for the scale (! = .82). We hypothesized that greater knowledge would be associated with higher confidence as a measure of criterion validity.
Data Analysis
Data were examined for missingness; subjects were excluded from analysis if 9 or more questions on the AHFKT were left unanswered. All unanswered and skipped questions were coded as incorrect. Characteristics of the sample by study group were analyzed using descriptive statistics. Internal consistency and reliability were analyzed using Cronbach"s ! computed from tetrachoric correlations (using the dichotomized [0 vs 1] item scores). Construct validity was assessed through parametric t tests and Pearson r correlations and nonparametric Mann-Whitney 2-group tests and Spearman > for ordinal and skewed measures. All statistical tests were performed at the 5% significance level. Although the analyses presented here represent a secondary analysis from 4 combined datasets, given the final sample size of 284 subjects, we were powered at 80% power to detect small effect sizes (r = 0.165). Statistical software SPSS (Version 23.0, IBM Corporation, Armonk, New York) and R (v.3.2.5, R Core Team, 2015) were used to analyze data.
As the basis for reliability calculations and factor analysis, tetrachoric correlations (using the dichotomized [0 vs 1] item scores) were computed. 36 The factor analysis and reliability calculations were performed using R packages: psych, 36 GPArotation, 37 and nFactors. 38 After performing factor analysis, Cattell scree plot, very simple structure, Velicer"s minimum average partial correlation, and acceleration factor methods were used to confirm a single factor. 36 Additional details on all of these methods and R packages are available from the Personality Project online (http://personality-project.org/r/psych/).
Results
Sample Description
Sample demographics and clinical characteristics are listed in Table 2 . The combined sample of participants were 22 to 84 years of age, 66% African American, and predominately male. Approximately one-half of the participants had a spouse or domestic partner. Most participants had lived with HF for more than 6 years, whereas only 18% were newly diagnosed within the previous 6 months.
Psychometric Properties
Participants in the combined sample had a mean AHFKT score of 80.6% (T11.1%), which is equal to answering 24 of 30 questions correctly (Table 3) . Psychometric properties of the AHFKTv2 are presented according to the precepts published by Terwee for quality measurement properties needed to legitimize a health status questionnaire (Table 4) . 36 Although it is not necessary for a study to conduct all types of psychometric property analysis to have a valid questionnaire, 37 these components include (1) content validity, (2) internal consistency, (3) criterion validity, (4) construct validity, (5) reproducibility, (6) responsiveness, (7) floor and ceiling effects, and (8) interpretability. 39 We have summarized the bulk of the psychometric evaluations in Table 4 , whereby we listed the components, definitions, hypotheses, measures, and the statistics/evaluation of each component evaluated for the AHFKT.
Content Validity
As presented in the original paper, the original AHFKT was evaluated by a panel of nationally known nurse experts in HF patient education and self-care, selected based upon their research and scholarship leadership. At that time, each expert rated items for clarity and relevance such that scale-level content validity indexes and clarity item-level scores were calculated. Each of these was rated to be good or excellent.
Readability is a component of content validity that assesses the comprehension of the instrument by grade level. The goal for most patient education materials and text is a fifth-grade reading level for best comprehension. Using the readability function for Word, AHFKTv2 calculated to have a Flesch-Kinkaid reading level of 5.8 and a Fry Readability fourth-grade reading level (Table 4) .
Internal Consistency
The internal consistency of the AHFKT for the combined sample for all 30 items was adequate, Chronbach"s ! = 0.87 (Table 4 ). The 30 questions of the AHFKT were focused on 5 knowledge domains: pathophysiology, nutrition, behavior, medicine, and symptoms (primary domain focus of each item listed in Table 3 ). When the knowledge scores were computed for each domain (summarized at the bottom of Table 3 ), these 5 domain scores are positively and significantly correlated with one another (Table 5) , with the strongest correlations between the nutrition and medication domains (> = 0.43, P G .001) and between nutrition and symptoms (> = 0.37, P G .001). In addition, the nutrition domain had the highest correlation with the overall total knowledge score (> = 0.802, P G .001), followed by medications (> = 0.73, P G .001), with all 5 domains having moderate to large correlations with the total score (all > 9 0.44, Table 3 ).
Criterion Validity
Criterion validity evaluates the extent to which the instrument is related to a gold standard. Although there is no gold standard instrument for the testing HF knowledge, the AHFKT was developed to measure knowledge about HF treatment and self-care using the American Heart Association Scientific Statement on HF self-care, 3 the ''gold standard'' prescription of HF self-care. Because self-care knowledge has been previously positively associated with self-efficacy related to self-care in several studies, 40Y42 we validated a positive, but weak, relationship between higher scores on the confidence subscale of the Self-care in Heart Failure Index and total knowledge on the AHFKT (N = 170, > = 0.16, P = .04).
Construct Validity
Testing of several hypotheses concerning the AHFKT construct validity was undertaken to show the relationship The AHFKT will have a good description of measurement aim, target population, concepts being measured, and item selection.
Panel of nurse experts in HF patient education and self-care rated items for clarity and relevance such that scale level content validity indexes and clarity item level scores were able to be calculated.
Each was rated as good or excellent.
Readability is a component of content validity that assesses the comprehension of the instrument by grade level.
The AHFKT will have a fifth-grade reading level. Total knowledge scores will be positively related to HF self-efficacy.
SCHFI confidence subscale > = 0.158, P = .04 (n = 170)
Nonparametric correlation analysis
Construct validity
The extent to which scores on a particular instrument relate to other measures in a manner that is consistent with theoretically derived hypotheses concerning the concepts that are being measured Participants who attended college will score significantly higher on the AHFKT than will those with a high school diploma or less.
Highest educational level attained t = j2.70,
The sum of the 8 questions related to sodium knowledge and restriction will be negatively related to 24-hour sodium intake. The degree in which a person can assign qualitative meaning to quantitative scores The AHFKT will identify gaps in knowledge and need for additional teaching.
AHFKT individual scoring Subject areas of questions missed
Abbreviations: AHFKT, Atlanta Heart Failure Knowledge Test; SCHFI, Self-Care in Heart Failure Index; HF, heart failure; IQR, interquartile range. a This is overestimated because a knowledge test does not appear to have distinct sentences beyond the original stem. To assess for the number of sentences and syllables in groups of 100 words and assuming each answer is an independent sentence, the Fry Readability was calculated.
b Table 3 . Using the psych package in R, Cronbach"s ! was computed using the omega function on the tetrachoric correlations based on dichotomous scoring (correct/incorrect) of the items.
between knowledge, demographic background, and behavior. Higher AHFKT scores were associated with higher educational level and lower sodium intake ( Table 4) .
Factor Analysis
Four methods were used to confirm if there was 1 factor: the acceleration factor, Velicer minimum average partial correlation, Cattell scree plot, and very simple structure. 36 These metrics all indicated a strong first factor with 23% of the variance explained by the first factor. All factor loadings were 0.29 or higher (Table 3) , except for items 16 and 27. Items 16 and 27 had factor loadings and discrimination indices close to 0. Most of the items had a good range of difficulty, with 50% to 80% of the subjects getting the item correct. Item 9 had the highest difficulty, with only 19% getting it correct, and items 3 and 8 were the least difficult, with more than 98% of the subjects getting these correct (Table 3) .
Discussion
This article describes the evaluation and further revision of the AHFKT. The purpose of this article is to reexamine the psychometric properties of the AHFKTv2 in a larger cohort of patients and provide a revised AHFKTv3. We also evaluated the extent to which participants accurately understood HF self-care, described the relationship between items, and undertook further reliability and validity testing to ensure trustworthiness of the instrument and enhance readiness for use, so that it may be relied upon for application in research or in evidence-based practice. 43 Overall, content validity and readability were excellent and unchanged from the first assessment. Nurse experts reviewed each version of the AHFKT when they were made available and consistently rated each item at the time as good or excellent based upon the current guidelines at that time. Internal consistency improved from the previous AHFKT version, with strong correlations between the domains, and Cronbach"s ! closer to 1. Several measures of validity were undertaken based upon hypothesis testing that improved self-care knowledge is associated with improved self-care confidence and behaviors. As shown in Table 4 , while these validity assessments were statistically significant some had small effect sizes (correlations G 0.2). These smaller effect sizes may have partially been because of increased variability occurring from using a combined dataset across 4 different studies as opposed to having all of the subjects from a single study. Factor analysis allowed us to observe a dominant single factor, correlations between the 5 domains of knowledge, and further validate questions requiring revision. Finally, the instrument was demonstrated to be responsive to the length of time since diagnosis.
Revision of the AHFKT
In total, 8 questions on the AHFKT were revised, with 1 eliminated and 1 added to strengthen the psychometric properties of the instrument. The items revised were those with great difficulty, very low discrimination, and/or poor factor loadings. We added 1 question on "-blockers as current guidelines recommend prescription for both HF with reduced as well as preserved ejection fraction. 29 The result is a final 30-item questionnaire.
Most of the exam focuses on the knowledge to appropriately adhere to the self-care demands of HF. Thus, we retained the focus on 5 domains of pathophysiology, medication, behavior, symptom management, and nutrition. To make the test more useful in clinical application, we have developed a teaching guide based on these domains to facilitate teaching to the patient"s learning needs. Ideally, the results of the whole test could be reviewed with the patient and or family for the purpose of reinforcing their knowledge, with their knowledge gaps guiding additional and more precise education.
Limitations
In revising the test, one of the aspects with which we struggled was a ceiling effect, with average scores of 80% correct responses, and very high difficulty measures with most of the individual items. When evaluating the difficulty with the percentage of items answered correctly, 22 of the items were answered correctly more than 80% of the time, 7 of the items were answered correctly more than 50% of the time, and only 1 item was consistently answered incorrectly. For version 2, the overall item difficulty was 0.81, whereas, typically, the goal difficulty mean should equate to 0.50, providing ''maximal discrimination.'' 44 However, reexamination of the sample revealed most had been living with HF for 6 years and thus were not at the beginning of their HF journey when learning needs are steep. Higher total scores on the AHFKT were associated with longer length of time with HF. This is congruent with studies that self-care behaviors and knowledge increase with length of time that persons are living with HF. Further studies testing HF knowledge in persons newly diagnosed with HF may address this ceiling effect and prove to be a useful clinical tool in targeting self-care knowledge deficits for both inpatient and outpatient settings. The cut point for version 2 was determined to be 80%, and we would suggest that any person making less than this with version 3 be identified as having insufficient HF selfcare knowledge necessitating remediation. Ultimately, this will need to be validated once scores for a sufficient sample are obtained. Further research is needed to determine a more indepth scientific understanding of what level of specific HF knowledge is required for effective self-care. 45 For example, is the ability to select low-sodium items from a list of foods adequate for effective self-care, or is the skill of label reading and application to a decision about whether it can be consumed given other daily intake required? Moreover, does this knowledge translate to application of self-care behaviors? Further studies examining HF knowledge, self-care, and outcomes are needed.
Conclusion
Heart failure is the leading cause of mortality in those over 65, touching more than 23 million persons worldwide. 46 Prognosis and recidivism remain poor, yet those who practice good self-care have been observed to have better outcomes and consume less healthcare resources. 3 Knowledge of HF pathophysiology, nutrition, behavior, medicine, and symptom management is essential to this self-care. Although the AHFKTv2 has been used extensively since it was published, we have taken this opportunity to evaluate the instrument further, revise it, and now produce a free third version for use in clinical practice and research. The AHFKTv2 is freely available for download at http://nursing.emory. edu/ahfkt/.
What"s New and Important h Data from 4 differing intervention studies of persons with HF were combined to evaluate the psychometric properties of the AHFKTv2. h A sound instrument is presented that can be used clinically to assess HF knowledge and identify patient understanding and deficits. h For research, a knowledge assessment in a pretest and posttest design can evaluate nursing interventions directed toward improving patient HF knowledge and self-care behaviors.
